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''•^^f^f^'Ff^?'* 9 ?^ j*:'***** .body-floating apparatus, substrate body- 
V: ^^^^^^fif ^^'^f^^'fVP^^ More specifically the present invention 
?j$t|?^ capable of realising a stable floating state with 

* ^jand a sur&ce «f* substrate body as well as to a substrate 

'^^^ ^ ^f^- a - £unvforrjiing a^paxatus capable of heating a substrate body 
v ^?1p? : f^ H"* ^^'^ss of a surface of a substrate body. 

; . f ^^cfe^ipn ^ with fuftcii^rtal advancein the field of semiconductor devices, the tendency 
: %l^^^ ^ d ^^H^;^^^^ d ^^ ia fwrther promoted, and now there are 
Vs!^6tod6Biaiid3 tV mttrii^tanded ^rodu^lSoxi technology in the field. Especially 3 memory 




TO^JJ<rtrtv«i it frill became mor^ and more difficult to insure stable production and 
' ^^ iv^W^^^ several G-bit which must be produced in 

^..^^^^ only wi^ ^x^^6n : of the current production technology. Tb continuously 
: ' i ^f^^j^^;^ a % def^ltea'^itE. aivazw^/'^clioiis such as a DRAM with several G-bit 
r:;;ii ; ! ^^^|^ci^ under stpble : c^^ there is required a technology applicable in water 
■ V .; ^u^^p^^^^in devic^ pr^iJ^ction irt which process parameters are completely controlled 
'i^fd^f^rf^^ ejast^^o^e^AOy fine foreign materials causing contamination of a 
,' - f^^ff^^ In ^ *P^ft<^'*r*aised on tne conventional technology, a wafer is placed on a 
)' " <I ^N^^ 1 .'* aialdi wafer sfcfe.ce processing is executed to a not-contacting 

■\ ^S^V^^ w %^;^tei^ ; iti i s beco ming harder to reduce contamination of a 
: ; . t^: ! ^'^^5 1 ^ w ! devices to 

: w ,' : i^Sllff^^^^^l^'M a; substrate body to be used in the production becomes 
, '^.'•• li S^»^^f^ t | 1 ' * 12 r^i»wq.Mlijsd ** production of 64M DIiAM), so that, 
J P:;?!^^^^ 1 ^'^^?!^** f 11 ^ Processing apparatus, it is becoming harder to 
4 K . ^^^i^^ 1 ^ 1 ^ th ** ^l^i>^*^»} gradation, pn- k surface of a. substrate body or density 
v im^frj-^^t&ti be used for forming a film on a substrate body will not be 

•.ir l'V' V -.J^l^t)^. ^f**^*? t^.^^.^if^^^n^^*^)^ *b j»xovia« a substrate bodyfloating apparatus 
'"]; . ft * ^.W^fstote witih less vi bration of a rotary shaft or a surface and 

^^^^^^^^'^ a «im;forming apparatus capable of forming a 
; ^•^S^ff^^^'f' Sttrmce ? ef a iBubstrate body and with small temperature 




sxftall density gradation in a raw material to be 



^IvlCV:!'!^^^?^:* ffl^.tWftubstmtetody and further enabling formation of a film with 



•i$l'^^^^^^^^ i ^^^ ,l ' t ^ l ^[ tg ^ 1 ^ to present invention it a substrate 
•V^S ! W^f^ apj^tusifor fcfcwing an air 'flow te a rear surfi.ce of a disk-shaped substrate 
5 -fS^^f v jy W^=b6dy. and has a floating unit comprising a group of fine 

WP^WW^f^^ *° to :^ ;ro betraW : boiiy at a center of the apparatus, a group of fine pores 
i S!f KSslSSS bWy^t a center of the apparatus, a group of auxiliarjrfine 



rotated ^ahigl^epeed. With the 
to the present 



* ;. c • 



:; .^^l^^^'^'^fa^M^t^^- substrate' hod? vtittioutvibration of the rotary shaft on a 

'/f^fv?^ apparatus according to the 

'Ill^iy^^^^'^''"^^ 1 ^^ * ^S^e My in a stable rotating state in which the 
f -* ;/ - H^P^^^^^^^^^^^ «^«*»e*«^fioda^^aee^ ^sttaa^ap .«u& iur flow. 

fine pore constituting the group of fine pores u 
' jS ^ inclined at an appropriate angle against a 

'f r^^tf? ^ ^tingi^^attis, o^; can give a floating force to the substrate body by 
air flow i^; direction along the inclination of the fine pore. As a result, by 
"^-ne^fbres ; e^c^tetitufing tU group of fine pores at appropriate positions, it 
le, ^n^ls &r.floating, centering, rotating, and preventing vibration 

't&J'. ^ featu^jBjasidesxnibed above, the fine pores are provided on a surface of the 

/iSSjBBfe"^ Point yhere the'fine pore crosses a rotation axis of the 

, : eubsb&te bodvand a sur&ce pf the fh>4tingtiait is divided to four areas by 90 degrees, and as 



:P : ^^ft^• 9 'T iae *••^? , ^ e^a is srov^ded in parallel to a diagonal lime of each area and 
• of t^l^oat^g uiit, a floating hejight of i mm or more can be obtained and 

-^^^^S^^^ the . ^jfis^tf-^^y, c^i : i« siippariBased to abotat 6 X 10 s rad or less with 
^^t^Sff^^j^SSL^ ^j^^g n^-d^ection controlled t o 10 nun or below by 

^ :fr^^^gf^N^pgP^^>fa%r gL.^0*^«^^^g Htgjfly ralje. 7~~ " ' " ' ""' 

' *..^ *U* *^^^ ll ^^^ a ^* , * ^^^»»^:4»*^«»<»p»i4 above, the line pores for centering are provided on 
:"-p:! : ';:=^4|j^^'l^*^ ja.oati%:iMii5t at-pWitianB uniformly and appropriately away in the outer 
$2 r D*^^^^^^^* _-^->^ rt ^ T ^?^ jE>.»^jpi»^ry; : <*f k^ifi substrate body with an appropriate angular space 
)W i'S'^W^t^ Hi'^^^'i is mcfoaed toward a center of the floating unit, so 

V 5{; - j- ^- ^^^^ftl^i j^^aiiiai^ ^to ^i^par^^^Wbn^^ • " ^ substrate body in.the horizontal direction to 

* & fen boating height by. corrects controlling a centering gas supply 

.'•■?' : ^' : 'v:jc^;i;j^-.:0 : ;'- •' ■ '• .-. : 

dr^y^&'Si';.:.; ■. ■ : . ■ . • : 

■A- :-:: -,S:-Vr.^ • . • • . . :• .•' 2 
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-hove, the fine pores for rotation are provided 
^^ r -ife^lf^^ 1 ?: the M fxrtoer .ihe fine pores are located at positions 

'M ? [? ^§S|^% 1 ' r . ft ! my ^'^i^^n^I Mi*e.to a circle with a smaller radius as compares to a 
^!|tt^^^ , T m4<1 ^^ of thefloating unit and axe oriented 

■fS^^*W fa,p ^tert^tehx. so that a rotational speed of the substrate body, can be 
9 ; % J?$ilS^ ■?° 8 ^ d ^oaal speed t,fabout3000 rpm or more by appropriately 
fej^^^-f^^. ^>Wpisr ; r4te; By' rais^^a^tignal^gp eed of the substrate body, 
& > : y^^^^^^^^^fnd ihelin^nlf^elu^rate body can be reduced! 
BiS jpiSv ! :^ fi ^^^ ^ ted m t ^ ^^tial direction and oriented m contrary 
'W&Wtf^T**^*' disk,8haped substrate body in the clockwise direction as 

• - : jl^^sf^:*^ to^tttjey-^c^i^ directiom^an fee controlled under stable conditions, 
/I ;■ j § ll^^^f^^s^^iN* *he auxiliary fine pores are provided on a surface of 
' iSt^^^ 11 ^ t<> « center of the floating unit oh a circle 

:^^.lfea|,^^^ of the .floating unit at an angular space of 90 
fp^tft^ 1 ^? % W*?tex side from:the.positions of fines for rotation, so that, when a 
.i^^Sf3^^.^*^^'?^^^-«^^« substrate body is raised, the substrate 
fifMlfS^ to&S&Pks. owt .from the! floating apparatus (namely from the floating 
^i^^#^^f^ ^#«^fee Jof ^ substrate body or inclination of a substrate body can be 
^j^B^'^Iie^ the subj^rfite Myfcnrtattd. . . 

IS^^S^t^^ 1 '® ' b<M ^|f<? i<1 ^^; *ype JioT heJate*..according to the present invention has the 
fi :^ /I J^B^^f^^^f^^ anfc^ substrate body without losing cleanliness of 
S'ft ; !^§^^§^ 8 ^^^^whlg aivair flow.to a rear surface of the substrate body to 
^ir^^l^^^^^^^^H 7 ^ bating; with an optical heating means a surface of the 
::@ : 4S^f8f : ; MjV>wd alsojjjah ^uppress temperature gradation generated on a surface of the 

^1 ^ ? :: ^i^***^* *><^^«iti^). typto : tof ^m^zaxuiig apparatus according- to the present 

'•I;-.: iff^^-^-^^'f^^^''^^:^ can form a film without losing cleanliness of 
4^ il;:-.^ TS^I^^^ 1 ^^" ?*^*^*™^ f^'-"^" 0 * 1 ^ 1 "*': o«to a rear surface of the substrate body 

'^^SS^I^^'^^^f'f^^ atmpsjphere:to float and. rotate the Bubstrate body and by 
ft li-W^^^^' ?f a -surface of the substrate body. As a result, it is 

,; v^^^K^:^^'^ :fi ^ «»^^g-les8; itapurities or other defects. 
I'i':-?^^^'^ £^^j^^^^^oye,.b y making an inner diameter of a nozzle for 
St ; ! villlf^^ f* f f of the substrate body substantially equal to an 

*k° fie'tine « clearance between a tip of the nozzle 
l^J^^Pf^'^? saW^ar^^^i^'substraate body to 2 mm or less, it is possible to 
r i T f;^^J|tf^^^ft*^ ^<^:»nn1ng.app ai atiw which can form a uniform film 
$. I •: ^l^f^^r^ 1 ^ **^««»*i*»fW used for forming a film on a substrate body in a wide 



Z *. ?^f¥°*? ^ew^Dhematically showing an embodiment of the substrate 

■?\^*f^KS^S^ pf.apj^ara^^rdin^ to' the present invention; 

- ^ W SfaoW|n ?> ^k*** body-floating unit according to the present 



t"-?*'? ixlQ^^P ff^-s^tioM^w4oWing afine.pore provided in the floating unit; 
ll-^ilS^K^^ ^f^^^^^^S an embodiment of four fine pore' group* 



^10;..^^,^. 

V-J; • : ;;S3^1|ti ,? .- '^f**- '^ b ?^ en t of a substrate body floating performance. 3*. 

v ;^? 8 ^W\^P^^*w according to the present invention; 

of a floating height, inclination, and vibration in 
on a floating aae fiunnlv rate; ^^<^T? £ 



iinit? • 



3^' 



??? 



» I 



a floating height, indication, and vibration in the 6 ^ 



It 5 J^IH^^H^*^ 1 * ^ « j?*^a*i^€e oii^ ceiiteriitg gae suppty rate; *g*Z ?T 

-\X :**•£• -uji-ij-i..-,.' ili-ii... (kc 3 1 ^ 



.... , k u * ph "*k*Pft between a rotation gas supply rate and a rotational 



$S§|^ ?;:^ h auxiliary gas supply, rate associated with a rotation gas 



■•Jr ^Sjp*$?* direction a sfifeisjiate body on a rotation gas supply rate; - 
S'' .•SillfS^^ a^new dicing a/u'erobodiment of a substrate body-floating type of heater ° 
lMK;.?^^l. : ' , ^Nw{ present inyerifaon; ' \ 

^ y. ^hWing a result of measurement of temperature on a surface of a 



v@. : i:&-^v^ 9 - *; ^ w 'embodiment of a substrate body type of film-fbrming 

•ir^.'^^^^^**^ 1 * 'f e t^$**&tot inyent&m; 

i *: l 10 ^^^"^ ephematicaHy showing a positional relation between a 

% i ||^^|ff^ i « <i ** e for Wowing an air flow onto a surface of the substrate 

iK-^UfeSS^ *:^ h #^8;^MBtu> pfmeaBurement of a film thickness of an insulating -> ~ 7 

•I' i'i:"?8^P^^ - 4 result^of . measurement of a film thickness in a radial 
^9«^g4hn is formed on a surface of a substrate body by changing a 




|» TC8nltof^a8ureinent of film thickness when an insulating 

a nozzle diameter and a distance 



1^ 



to 





•1 

] H? : ^ :ri i|i :v|jSl>l* A {g«I*:.^Q!wiag .a reault pf meaeu^mont of film thfcknese in a radial direction 



} .•t ; V'i:: l 'v'.-.-'-- : '■• ! ^ 



1 1 rt:; V^ : l^i:^i ^^i^^ce'.Be 



$ fiaijned on a «irface of a substrate body changing a nozzle diameter 
k 'jpxnalfl i tiji and a smfeice qf the substrate body; and 



>7C i3 



7^ 



i fi^77i^ 

[ : ;• 1 5 ^ |^^a eubatrate^ when jn^de of. a heating chamber La depressurized. 




] •■ -.f P'r V £ ^ ' i ?!^[: ; -^O^g gap^pply port 1 

: '7l77:ii ' 



i V^Vt^^ s»rWp$y port ' 

I ' j • ^1 ?' It: 1 .::; ■ 1 : i^ati*ig unii •.*■'■ : 



J V-^^ 116 <^$!^t^a groJup.6f fine pares for floating 

•;'.7 v'X- ;,j^;;7 pore^^ilu^bag-a pojuyp of fine pores for centering 

f 7 'i'W. P? 1 ^ 0<>^teii|iig;a group of auxiliary fine pores 

t : i ^ :ri ' ■ ! ! • P • ^bstrate bc^^dMimg apparatus ■ 
;< pfe?^ vmit : . . ■ 



J*- ; ^i**-^;^ ^>== Si- • 7 • 



7!>: V,4i:-^:.!V,":-:r' ; -;::. ; > 



yy 





i . ' ■ -L : t V : i %A®^ /Floating unit' ;*. • 
J ( . .-yH : ;. : iriiOi^iff ■; -Hfeatdng chamber 



> . ' .'..V':.-!: ^jEWjk *J? ; *i<W;uieter : : . 



.-- - : f 1^'.^; * ^floating uriit* 



|j FTO& s Bubbler friiovidcd therein 



; :> : V : ,-.: ; v.h. ; >r-.; •- . : . -;:>-V": : . •. . 



■if. . 



THE EMBODIMENT 

^*]^.^ showing an embodiment of a substrate 

"'^•^lij^ ^ present invention. A substrate body-floating 

' : floaiing unit 101, a table 102 provided along an 

i : ; i h l^ifi^^^^jy rf float^ unit ibl, a supporting base 103 with the floating unit 101 
: t W'^^^^^^^' 1 ^^ tb^r«on, ; a floating gae exporting port 104, a centering gas support port 
? ; if : ! ^ ^Ppiy.P? 1 ^ nraiHary gas supply port 107, an air exhaust port 108, 

ift ' .] and | pluTO^bf fiui6;pores 110 provided on the floating unit 101. 
v J = provided on the floating unit 101 have the 

i y ; * ^^<&vfi: in 2,;;Namely each fine pore is inclined at an angle against a surface of 

■ ! -tqwal^^ ej&ausl port. Fig. 2 shows a case where the fine pores is 

ii ' 'JlN^^^^^ "^^ e of ^;*igrees ogaijJLsik asurfece of the floating unit 101> and the fine pore 
' !^^^j^^ a <tirectij^ ah arrow in the figure. By setting the inclination in an 

: ; !^l^^^;idire^n fc;* : e:^ becomes possible to give a floating force to a 

Bii^r^ and movife tbs substrate bo&y in a desired direction. 

a flat vieW of a floating unit according to the present invention and a cross- 
on the fldaj&hg unit. 

j?0 ; : : :V^^Hli9tj^^b#£& j^ltKjir^lity lOQ^Skitfi mx^etf 210. shown in Eig. 2 have the same form, and an internal 
! ; .. maMe^6|;^b fine po$e in thpeid? ofgja&es-aaust port is smaller as compared to that in the 
i, fjg^iM^ have different forms respectively, -and also it is 

jr:. j : 'i^iepe$i ;f&:$isy |hat a£ mternM diameter of each fine pore may be. set to an arbitrary value. 

igj^^ provided on tie floating unit 201 shown in Fig, 2 comprises 

pore&W.aho^?^^^ Namely Fig.3A shows a group of fine 

Figl^ ^hows a group of auxiliary fine pores, and Fig. 3C shows a group of 

^ po^s ehpwn in Fig. .3 A are provided on a surface of the floating unit 101, 
[at a point wherd, the fine pore 310a crosses a rotation axis of a substrate body 




•SB' 





^ a.suxfecB of th$ floating unit 301 is divided to four areas by an angle of 90 
■ r. 7T ( > *^^ ne pbrSs ^ ^xdfviSed in one area are parallel to the diagonal line and oriented 

- J X ''i'^- ^^^i^^M ^i 0 ^ 1 ^ ^< ^l;;I : a Fig; 3A, the fire pores are provided at a space of 10mm 
: »:|^^^^^? 2 ? & $ ne po? 6 * 8436 provided on one area (totally 100 fine pores on 

Fi g- 3B are Prided on a surface of the 



.* -j /::.JwSp5^i^ : 80l; and fi^^pres^ld^^lOc are onan external periphery of the substrate body 
i • j;."' i^^'l^iA??!^**?* '1 $$kr froni t^e external periphery at an angular space of 15 degrees 



■ii i ; ^.fh^^^jBM indined to a center of the floating unit. However, a distance 

t in the outer sido from the external peripheral of the 





, rw - - , : 3S npt *? ll ^f n '' *4 angular space between the two types of fine 

^^^|^^ eesi ^ ^ Voided according to a flow rate of gas injected 

:£f> : /^ 3C are 8hown OT a surfece ofthe 

§1?:- ^8^^^ ^ atul:ilbe ^^Dres-aiiW are provided at positions by 5 tam away from a 
'^^I^^i^f a ofai^di^ of mni from a center of a eurfece of the floating unit 
V^Vj;:!^ tangential line and opposite to each 

Sl^l' r ^^^v^l^l^^f-^ ^^f^ e ^^fcr providing the fine pores are not limited to 30 mm 
^ir-^ >adiu9 i9 ^a^r than a radium of the 

winch l?he fine pores are provided are not limited to those 6 
^Si i^lSS^Pii 0 ^^ fca ^?*^ ^ ^ % directibn of the tangential line, and may he set to 
: : **«« ^ *™Tduig tcj : $flo# irate 6r a pressure of gas injected from the fine pores. 

•6f porejs. j^own; in Pig. 3B are provided on a surface of the 

Mta * cifci? with a.radius of 40 mm in the outer side jfom a center 
3&£i^ of 90 degrees and are inclined to a center of the 

HJ:^^ ^How^iqj a kdiu^ of the circle ori whidi the fine pores 310e constituting the 

1 V: 40 mm * may be set to any value on 

from a radium of the circuit on 
: ! S^S^^ P \ XB * & *¥)*^^ Fig. 3D, fine pores constituting. a group 

'••^^^^^^ p0rp6 VTW&^ at an angular space of 90 degrees, but also this angle may 

ffiy^ W-^^^p a icros^ei^ai a substrate body-floating type of 

= 1000 ie a substrate body-floating 

a fl $^^^* 1°P 2 a substrate body, at 1003 a heating chamber, at 
S : : -^^^S^^^^i^*^ ^ ^°0 a thermocouple, fet 1007 a temperature adjuster, at 

; display, at 1010a gas supply port, at 1011 a flow meter, at 



l'0t^^^^ tX ti JQ13 ena^ 

lt^ the beating chamber 1003 is; 
: ' ^ on a bdttbm section of the 



1003 is provided: on the substrate 
[)0;.Pix>v^ejd pin a bottom section of the heating chamber 1003 is 
an^; rotating state with an air flow blown out from the 
i^^S|^;ipflI pntfr^^ of the substrate body Also the heating means 1004 



to a surface of the substrate body 



iji^fe^* 1 !^:^?^* 1Q0& : ^diateii from the heating unit 1004 is irradiated to the substrate 
^ in the_ process of form ingjELfilm. he 

02,coht^ts nothitig otbe* than an air flow^ so that a surface of the substrate 
l ty hea^;Iii*:Fiif. 10, th& Seating unit 1004 is an infrared lamp, but a light 
T Jj$A£ a light; y«brfous tonpes of wavelength may be used as the heating means 




; " *^*™-T^Tj** TTf^ *r*.r^r*^ w ^wwfia i ri ^ jpjLV'avu.v uat.ohi^juu,. Jill i' i 

v i^: ' ■ ^ a substrate body-floatxitg apparatus, at 

\ ^ ki 1203 a ^ at 1204 a no 



showing a substrate body- floating type of film- 
?itus according -to^he &re§ont invention. In Fig. 12, designated at the reference 

1201 a floating unit, at .1202 a 
nozzle, at 1205 an FTES babbler, at 
k-ZP^ : 0^ l ^'^6^a^c batja yit^ t^ placed therein, at 1207 an Uj6 bubbler, at 

■"^'■%'r^^^^?^5 atic ^W^k tlw i^^biiibbler placed therein, at 1209 a mass-flow controller, 

filtea gdl, at 1212 a nitrogen gas bomb, at 1213 an air 
V- "^^^^^^ ^ 8 S ^P^P«^ a * a floW meter, at 1216 a value, at 1217 a compressor; 

: £ ; :I^^1- ap ij&fy j : ^r ^g chamber 1203 is located on the 

; K ! V/t!^ tbe film-forming chamber 1203, a raked 

• V £ S '^^1^^^^ fo** 11 ^ j* Ska is provided at a position opposite to a surface of the 

^.'/.,^ for film formation onto a surface of the 

. i j ■>% •• j S9 ^ft^J^y/^ of deposited material is formed on a surface 

: < *°*y m *M process of film formation 

v.Y^f-=u r l5OT^ Othea? than ail air flow/A quantity of impurities absorbed into the film can 

; :>-;r...V !|^r|^^fe^\tced; " ' 

^: • -■•■Vi: Jllfijfe^i* .a'^ss-i^ipnftl.view schematically showing arrangement of a substrate body 
.Av;-; Vo?f^^ film fiftmatibn to the substrate body. In Fig. 13, by setting 

^iV:]^ df|be poffisle 1303 for blowing a gas for film formation to a surface of a 

te:-%d£ : &ame# ^ mixed gas mixing section 1307) and an 

fc|t&^<|a: of tjlie: sxi^otmte;: Itofy , i 302 \tp the substantially same values and also by 
^l^r^uioe bet^en* ajfeifc of the npoile 1303 for blowing out a gas (namely a tip of the 
^i|tf>dng section -1307) bind aVuifece of the substrate bpdy 1302 to 2 mm or below, it 
to obtain a '^hsfeate ''.body : flj^atmg.typfe of film-forming apparatus with smaller 
■«.,'.•: ■• ; ;;;^^i^^^^at5oiLrf im&i&nui ppmyed fro m the nozz le 1303 onto the substrate body 

;;i ' r >k'-&'Ml • * ' ' v'.V- ! • • 
: :: ff^S^^^i 0 * tterEnA^iine^ts- ' 
i : $0-;V .1 :\^^4^^pi^yfi i$ : it&4* ^emboabents of the substrate body-floating apparatus and 

• v v; 1 .-: ' -A' v' f^^^i'^^/^dy^fl^ttTQ©^ ; i^e?G^;li«adJ9r aMfUm forming apparatus according to the present 
Av\ ji^ijtt^ &awings, but it shpuld be noted that the present invention is 

v ! . • • ..'•<■.* • V: •'- ■■■ • ■ * ' '■ , 
■■■• u '.. : :.'i^' %\% " : • :' : 

: : ^?v'i; L ^^ ' • ,: ■ ". : "' 

' !'!- ; ■», 'j ..iivlf^l^ apparatus shown in Fig. 1. is used; and a 

; ; ; pressure was examined by changing 

^>^^Sf ^ of ,^18 :«^^|if^gh- tfa*. fine poreefor floating (Fig. 3A) of the four fire pore 
-/ j v 1 ' : ; ^ ^'^w^B}^^^ the floating unit 101. In this step, the flo&ting gae 

* y r '■'• ) ■ •/>'" - > q 

'■. :": - -i.-^ r' - ': ■ • < ; ' ■ r.-. ' : - .; . 





ply rate Cf to 0 [1/min], rotation gas supply 
£as supply rate Hf to 0 [1/ min), 
S;cpiisist& of a grotip of fire pores for floating (Fig. 3A) t a 
group of fin pores for rotation (Fig. 3C), and a 



■ *1- i ! ?.; ; J : :■ "1 1 ^upS;cWsistB ! o 

a 3-xncli wafer was us cL 

ita:'^^^^ .embodiment of' the substrate body floating perfo 



Drmanoe 

: : : "**fi$F!&* "■:?w'i*W*> i " ^Wtbring unit provided above the apparatus shown in Fig. 1 



rrmajace. 



£j; -1 f! : * r •■?[ X^iS^'^^^V^ 1 ^!^* ajfc.tKe irefexeikce numeral 400 is a floating apparatus, at 401 a 
"* I^^S^^^ ^^ 4 ^ ^ ^ 2 displacement gauge T . at 404 a video 

at 406 an AR .converting board, at 407 a computer, at 408 a gas 
^ ■■^j^^^^Bt^Q a flow: wwrfer, at 410 a valvej at 411 a compressor, and at 412 an air 



^'^'C j |:> : |^t^^ti^g uri& two laser d^>l^cfeiuefnt gauge were used for checking inclination of 
Jrii^V f^^il^^^^ *°?»'f » d: ^yii6d camera. 404 for checking displacement of the substrate 



^W^f* of the substrate body 402, an average of 

403 was employed. Inclination of the 




402 against #si^ipe:of;^ unit 401 was obtained from a difference 

icement gauges 403 as well as 




!,|^^^^^^ 'th^:^s^&cje^At. : gauges. Each data was recorded into a computer 
:^r^ I i J ^P^ )^bpin) 405 arid AD conversion board 406. The data was monitored at 

average of all data was used as a floating height of the 
fitiaxirtum value* of all data was used as inclination of the 

a distance from a center 
tj^.a f wi3Aer of the floating Unit was obtained from an image taken with 
• ; ; ;. i^; ffi^:^^ Used as a vibration width of the substrate body, 

pi ; .: > 'i \ i& a gtaph eh^n^.dependency of a floating height, inclination, and displacement 

i- on a floating gas supply rate. 

j|. :•'■■•;*::. ':• '/-^M^^^^?^ ca,ri^^]dfeE!ihed that' the snbstrate body was floated when the floating gas 
^ " r : ^^^r ^^^^^S^Sf?^^^^ ^ .3 pLf^n^rij ;iar ^isioire^ - jaarx d. that, when the floating gas supply rate is higher 
i ; ' t l ; , ! ' .", *i^§N$ '$$1 f&frve, ^flc^t^g heighf; oif a substrate body can be controlled in proportion of a 
^ ; : * ^^^^^^^P^ ratte|MB$^ as a floating gas supply rate increases, 

;V ; ,^ s^fes^ horizontal direction becomes smaller but inclination 

of a substrate body under an atmospheric 
: i ] : ? r"; "5 ^ . j^«^^'Sfe ^ft^\*o?c^i»toLe^ '*ffi»K; the siibstrate body-floating apparatus shown in Fig. 1 and 

; -v } ' * • i P^!^^*^9 ;; ^ -.^^^i^ty . ^^^r*^^ SliiwDi el^jrotierb Jfiire pores for centering constituting the floating 

....... ^ 



• <■• ' * is 'V-* * L>'Y . 




, , .,_ „ , /ipjllS??^ 8 Wher.(^e tqit* suppurate of auxiliary gas to be supplied increases 
••if Y JW^WS&n'^th increase of a rotational' speed of a substrate' body 

I^ji'^ry'^ ^^^^^i*^ 0 ^* 1 ^''^ ' 1 f l ?*^-P«?*w»?»» 'Of. * substrate body under atmospheric 
if^P^^^|^ :e * ai ' n ^ n ^'^':? e ™^ tbje-,*ub8teate body-floating apparatus shown in Fig. 1 and 
YB ; : j f j:^^^!!^^^ ^^§^.^w^*^ro^fi»--ijaw8 of the group of fine pores for rotation 
v? ^SS?S^'^:*^^ i 'NS a * ^PoWMg. 3H). In this step, the floating gas supply 
K '^ifSn ISSfS?^ V' 15 ?'.^; 6 i^! 8 0^0* centering gas supply fate Cf to 4.0 {1/minJ, rotation 
■h '^v! i; ^^^J^^^H^ 9 ^ Xp? 141 *!' a« xUifta^ gas- supply rate Hf to 0 to 7 (1/min]. 
,M«V5'?.1 'h $$|$$!fH*^ ■» *&o*»' ™ SnAodiinent 3. 

Y^Y ^0^^^^^.'^^^^^^. of^floattwghdglit, inclination, and displacement 
^ffiJfe' ^NjN fli'fr dW«^i:oitf 'anbj^iijte body. 

I: U - ifc ^^!^3f#^;tbafc j^n ihe rotation gas supply rate Rf was increased, 

■* ,rtt ^^V^I^ ;«£ * 'isttbsteatd' 'body was 'raised, both inclination and 
•^^■"SilS^it^ ^?o^"4^a^n of a substrate body are reduced. Even if the rotation 
: ^ of a substrate body is little affected, 

it ; : = - : • co«B|khed ihjit inclination and displacement in the horizontal direction of 

^^^f^p^'^tk b^^pTreBfeed by adjusting a rotational speed of the substrate body. 



ou * fiurfece of a substrate body under 
^' '^^^ ^:^e^^^:u$dng a substrate body-floating type of heater as shown 

t^'. J -i^^^^^^ e s^^^;^ shown in Fig. 1. 

'S^HS-^jR?^^^ ni^ii^g^>drat^re on a eurfece of the substrate body 10Q2 in the 
: ' ll^^^^^l%^ft**' c *#-i' ,1 "fiE'- ^iitfiwa thermometer enabling indirect measurement 1008 

., •« - *iy.40Q2, : a ^inch 4> wafer was used. 

iw^o placed on the floating unit 1001, and gas was supplied 
i^o^ duto the fotir fire pore groups (Fig. 3A to Fig. 3C) to float and 
. ;et ^P» the floating gas supply rate Pf was set to 15.5 [1/min], 
- : ! i ! i^^l^^^^^ ^^^^^ .«>tat^n gas 

•^i; 4; J 0 ^^ Wp|ir rate Hf to 4.0 [I/min]. 

tujmed'pN to irradiate infrared raye from outside of 
^ ' ^ body in the heating chamber 1003. 



'fi^SS^f ^ ^^?^ d ^ oi point in the apparatus and was controlled with 

at the poeUion would be 50, 40, and SOoC. 



4 :l ^^^^R^^: "'^^1^ * ^'^^.^ ; t*P substrate body then was measured with the irradiation 
S^'^ -il^^ on a 8urfeoc ofthe suhstrate body; 



|tt^e : fi&ve i -i^*s^lj^ate-.bo<ly wae floated, while Fig. 11B shows a case 
;Wasi ftpated arid rotated. 



BPS 

r&g i. :{^f^^^J^ "*f^d ft^ llAt^ftt; in R otate where the substrate body is not rotated, 
^ ?; ^^^^ ^^^^;g|^Wed &r •& distance of 30 [mm] or more in the radial direction. 
';.! occurs because the substrate body does not rotate 
J ^y - substrate body is remarkable- Temperature on 

si ] ^ b^je closed to (iiat of the floating gas, and temperature on 
^ i «! : i ? jl^f influenced by temperature of the floating gas, 

■ ! : V "J" ^ ? i*;^?^r8toWfe>m Fig. 11B that, when the substrate body is floated 




ion On a i|ar£kce of the substrate body is little generated. It 

gas wad mixed and 

, v.::--. -,w^7»^-'-ip ^ s ^ ^«^tM»i Qf the substrate body or because heat was delivered 

temperature at a periphery of the 
$1-?^ conditions and shows the substantially 

^tflS^^^^^ r ^l 1 » t or-J^^a^tfcnqgr ^taC/ib "€he 'Iftv^ator guessed that this phenomenon occurs 
■: f^F^^^W^^ ^f^l ctfljidiiig an external.edge of the substrate body is large and thermal 
^ t^^f^l^^ oqcuifejiii thJs section because of a large surface area as compared to that in 



on within : a range of. about ±1*0 was recognized on a suifface of a 
t substrate body-floating type of heater according 



.^.■^^rr^T S i^^ntid^ ^"ig;. liB>; It can be considered that temperature gradation to this 
'^P^H^^' -^f^ even when a material is deposited on the heated 

for -fifrtnf^ti&A, .-jgmd: that film thickness gradation is not generated in a 
p ^ th&^bwjtate^Mjr:'^ $leo heterogeneous distribution of a raw material for 



: : ihi/ii^ Dn a ^urfeice of a substrate body was most 

^TOMSbyifioatfce gae<£Outrtil of temberlatnre of the floating gag j s essential for suppression 



i$ ■ "i- a sur^&/pf the substrate' body: 



.'...•■■ 1 v:< T.'*'-!i; 




lm^»asJSayt ned on a surface of a substrate bod y in a 
rifflgP of film-forming apparatus 



l| %■ h*yfc$ifa shown in Fig. 1. Then film 

f ^'^ < ^^:^^ ae exaiiiined by changing a relation between an 

v$!;;! \l- '^^^^^^' of A fiic^e^r Meting a gas for film formation onto a aurfeca of a substrate 
^ ' ^^^^fe^"^*^^™^ P f W^ti^ate body and a clearance between a tip of the 

j^l^'g-l^^t^ 1 ^ S^5^** ?(Mkw* the substrate body. 

1 ? *!" «rc^-se^onal yiew SphomaticalJy Showing arrangement of a substrate body 
formation: The nozzle comprises a 

13 



■'•> : * 




jVfJ^ for iatroducing two types of gas for film 

1 = <^^> W HiO>; are combined, and a mixing section for 

" ifelS^ ^P e8 Q $*?- ? feU^g^eecr^tion dn indicates an internal diameter of 

gafr A^^^tipn), <fr indicates depth of the nozzle (mixed gas mixing 
\ t& 1 = J - «^i<^S; a sJeOnnoe between a tip of th nozzle (mixed eras mixinff sectimri 



1 



■'M J - mdioa^a ^ettanoe between a tip of th nozzle (mixed gas mixing section) 

one F group are 

.. . , A ^ on of the 

; T , ^ - F ^tM;** iFlES. is very reactive and reacts with water under 

1: irtWre to fokift SiO a . : ' 



•tC®'^ 0C s H s groups and oni 

>j >TES are shown in Tfcble 1. 

i '^t^r .i V ^^^W^^'^ P ^upi £ip;that ihe jFTOS.is verv reactive nnd n*«ote «^ 
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V.K;:^?: V.:^.. .• .. .. 

; vj : ^g l^ P ed - on; ^iiga ted ^.r^ated wbsbate body by making use of the physical 

! -"/v ft : r :; : : fe^fflSJ^Ht??? thi^ness/grAdation generated in a peripheral direction 



'i. . fj!;^>: * 6Wy waiWestigated, 

|Rg r IS, the Substrate body 1002 was placed on the floating unit 
1 !; ^ H : ^ Then each floating gas was supplied 

S&'^S lW m supplied from a compressor 1217 was 

Ji;%'VSt^ »itw>i«n to further remove moisture from the 

: ' ^S? 1 : 1 \ itl^^^^^v^^^^^^ -.^s^cl -as ^o«Ltii«E:. -A. tlow xr&tei of each floating gas was 

^C$ J ^ val ^ !!f 2 .W and|.mea^ed ^with a flow meter (manufactured by STEC, 

' f $ =y|^ to some extent, mixed gas 

^ [f?$\ V- ^^^^^^^ .q^^Saboye ai^irfec^ of the substrate body to execute CVD processing. 
ft'kE^I'll :.^V^^^^ of a iibzri^ at:an;m^tBd : ga8 inlet iiort dn was set to 40 [mm] and a distance 

tip4^ : ^*M b ^^^^ set to 10 [mm]. 
^|!S§ S^^^ baths 1206, 1208 with PTES'and H x O bubblers placed 

^^tfe^'v 1 ?^^^^^ 1 A^jd and='the vapor pressured was set to an equal 
■1^^ ga« with moisture having been removed 

Spj/T ij2^aa'^rrier gas and silica gel 1211 was 




lti(0 ^ /rain l the nitrogen bomb .1212 and 
■ j$^^f^^^' "^f ^t**- 1: 1. When supplying PTES and H*0 into the 

i : j: | = £(: i ! [^^^^^!*^ eht pip^ ribbon heater (not shown) was wound around the 

ti^^^T^l^^^^^^S:. ^^to^eip^uie [wtf Jtyt -at*' to% Tb prevent an internal pressure in the 
F^ v W ^ rinma sucked with an air pump 1213 [from 

©ftts the |tot^l ga^ifeed rate to keep the internal pressure at a constant 
:! . :: . ^ ^'.^ 

Ife^S-K > rft|^§;S n ^4^ 8?: '° f : ^ fom ^ d 03(1 a of the substrate body 

;":.[ mioroecope (SEM). This measurement was carried 

i-O^' 1 ^ ^T^ft ^'3 ;^^^^^f^ S - !M^«vioj-: Oft -jBi^^^eft^; in=t^s-experiiAent, as shown in Ikble 2, the 



gas supply rate Cf, rotation gas supply rate Rf, and 



^ .f^p^^s *^ply ratifr Hf we$e changerd according tot he deviation rate. 
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:^^o^4^®: 


'16.&:! 
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^i'-J^ thickness of an insulating film 

'O"^^^:': r :'"'• j*^^^^ bpdy/It is understood from Fig. 14 that, when a deviation 



or-more), film thickness gradation varies in 

' ^ : ?->;^H?; i i> ^^l^ft^^^itoi^ia^^ ft^im ^e^femeft that; when a deviation rate of a substrate body is 
1^';^ tliickn^ss gradation is little generated in the peripheral 

' : : '-^f 1 ! ; ^^^ present invention is usedL Accordingly, wlmn^ film is 

^ K'p: ' ■ i ; body, with the substrate body-floating type of film forming 

' Mi e wvxsot i^vent^n is used, -it is possible to form a Him with no film 
I - : - : raolctke^^fiiti^n in t^e jperipheral direction. 




^ : ^r : .$|f^P* fi^= Embodiment 6 in that the substrate body-floating 
shown in Kg; 12 with the substrate body-floating apparatus 

.. > . .. '* :: ■* .■ • 15 



^itfl^ftf^^ ^^f^^;.^^^ :«8ed;and thkt a floating gas suppu rate was 
l^l^fl^^ n ^ ** e P^fe* film Was formed on a eurfoce of a substrate body in a floated and 



ill *- 



surface of a substrate body in a floated and 
gwsupply rate Ff was set to 5.0, 15.5, and 21.6 



gfts^pfy ; *a'fe Of to 4.0 p/min^ dotation gas supply rate Rf to 200 \Umm} t 



^l!??^^?^! 1 ' V^^ 1 ^ ''''^l^i . ^o : >*:; ^«kijqL|, 'n<>mae;;cllGucttetojr dn to 40 [mm], and a distance 
J bet^Sit tlie fib£%fa tin at*A sniUtii**i*+A k#>^» *"ttb 10 (mm] 



-i^-a .grapi:j,ift^t^ a.i^euit of measurement of film thickness in the radial 
..^•^^Y>5^* k ^^:: fi ! iStt '^^mBi'Ou^ surface of a substrate body changing a 
; s%Jy ra^: It -tf wders^d from Fig; 15 that a floating gas supply rate little 
lffi$$tofflgMQ$ 6( mm^dkne«s iii the^radial dir6€tion T A number of fine pores for floating 



¥ ^idered that, even if the floating gas supply rate is 
i^f^^^fl* ;W.u^eti6n.^ee^ ifomto;^ does not become so high 

•£lf|^^ ^ e ^^J*:*? <^Wared to a case of other types of fine pores. The 

!^|^^^ ^^^'^V^-ft 8 ' supply >ate increases, but the floating gas supply 

S8Sl^ T ? ^^4^^^ ;a - body; so the inventor considered that 

^? ftypty *ate: Was unnecessary, antf that film thickness gradation in 
f ^ ^ . : b * s not i^P^ved by adjusting the floating 





fehown in Fig. 1 incorporated therein was 
1*1^ 5 in that a nozzle diameter and a 

n<^i t^ and a substrate bo^y. were changed when forming a deposited 

conditions ih this erabo^kmeht includes the floating gas supply rate Ff 
S^iQb ^^^^4-t»vfiAA^-|^B£A-. woE^p?%yf= icaajfc» pf of 4;0 fl/min], rotation gas supply rate Bf of 200 
liiiy^s s^^iy^ate Jttof^ (Vmiplv noszle diameter dn of 1/2 [inch], 1 [inch), 30 
1, 7$-{mm]» luid a^tetapce hii between the nozzle tip and a substrate body of 1A 

i^?"u^ E ""^^ rBapl * *!W*lt of measurement of film thickness in tine radial 

foiined on a surface of a substrate body changing a 
TT^^ ai * d ft substrate body. It is understood 

^^^^1^^*^?^^^^- a fi|^ k Jittle : iformed when a distance between the nozzle tip. and a 

that tikis phenomenon occurred 
BqiZi 5l e wa8 uwpeded by gas injected from under 
: Slt!^ gas. dififi^i before reaching a surface of the substrate 

t^;,,*,,*, — '^j^^ the distance is large, the reaction proceeds before 



16 




the. m^^rate lfo^ the,, gas density becoming lower before reaching a 



J. : 



. . j: I V :S ?^^f I^T ^fc?c and a ite rate was small due to the small noszle diameter 

i SP^^^ ^tet^H^jr i^U^d by;the floating gas. Also it was turned out that, when a 
$| a sil, # ce rf ; fte substrate body was limited to' 1 -mm or 
.':S|i'S ^^ft^ bG^e^^'J^-sp^d. In this case, however, it was confirmed that not 

f miction intermediates was deposited on a eurfece of the 

H^/iH: ^ occurred because the distance between 

:'|^ ! '#iv: : : r^^!^(5t§P * -^^»oo"" : oK*lie irtfaft^te body was too. small, the mixed gas #d not flow 
!iJ^HSf[^ f^^^*? 6|tW^te body and resided for s relatively long time on the 
: w kpaction proc&dedi tapidly. ; ■ ■ 

]|: =i^§^^ ^vf^ v^dei^^oil ^com. n^.sho*ra ik Fig. 16 that, when a nossle diameter is 

^ a wMer. range: The inventor guessed that this phenomenon 
! f^^^^H^e the ^ik^d ;g4a could b^me^eneously be supplied over a surface of the 
f^bsfe^ lj^ 4^n^etier. However, when the uozale diameter dn is 

more remarkable. It was guessed that 
om under the substrate body went into 
the notale was diluted by the floating gas, and the density 



1 :.*?\#:\$&>- - 



/. 

5 



\ \ ' : ; ^ ^ necessary to set a distance between the noesle 

nun .and also to make the nozzle- diameter 
Tfc^i^i j v-^^ a homogeneous film in a wide range on a 

jgettiiig.cl6eer a nozzle with a large diameter, a film 
>mK |v"v^^ to a surface of the substrate body can 

^/^f^ t^tirde for mixing (suppling) the gas for film' formation 

tKIS the^-TOs a^con^ that a residing time of the gas 

j-J^^ pn - a :4f^f * ?H^***te Ny inight affect gradation of film thickness. 

■I .,■ --.l ^r^w^^^^j^.^t^ $ak i jn Tl^eVadial di^jrtkm ona surface of the substrate body was quick 

w ^ * ^torafs^ ^ of the substrate body was 200 rpm, and for 
^f^j^? ;.S4wtQr ^ri^red that airesiding time of gas on a surface of a substrate body 



v. 




.■^4/- , '"}-l , ?v-'"v^ ehown in Fig. 1 incorporated therein was 

B io the poind that the nozale 



. •Jiii.i^-:.'-': 1 



; y tii.M'.-i 




- arjroUti&i^ ^pei* o£tbfe si&strate body were changed when a deposited film 

; ^^fi^t^^a.-o^ ^ Bu^^.df: jfete : 8^atrate body in a floated and rotated state. In this case, a 
TOXed gQS.wasd^ided go that an injection speed at an outlet port of the nozzle 
$-^j^\ : *F* Q&o ^ 4i^tfu^cse of tike mixing section was set so that the mixing time was 5 
*-^'n a r^iiite obtained in Embodiment 7, a distance between the nozzle tip and a 
was sot to 2 mmv 

: ^ enibodiinent, the floating gas supply 1 rate Pf was 

il^il^ ^ntefring; gas supply rate : Cf to 4.0 [1/min], rotational speed of the 

ir-n- - l^. «_ to ^aQ, : 700, SOp; rpm, auxiliary gas supply rate Hf to 4.0, 6.0 ? 7.0 [1/ 
dn 1$ 40 T . 6;0 ( ;70 |inm r . and a distance between the nozzle tip and a 



j ?":L: ? ^ap&^ohpwip^r a' ..zeault ; of measurement of film thickness in the radial 

W^ti^^ert; an LoBulating film is formed. changing a nozzle diameter and a rotational speed 
^ Fig. 17 that, as a rotational speed of a substrate 

"'■■Sj^^f^^ ifci^ be formed in a wider range. The inventor guessed 



** 1 " "f' V *^?"v • ". 



ivhen, arotational speed of the substrate body is high, 
'i^fll^W.^®^^ tha-im8:ed..gaft in the radial direction on a surface of the substrate body 
lt - r ** M ---* J ^ Siad a difference between density of the mixed gas in the upstream section and 

. From this result, it was confirmed that, even 
gas blown from under the substrate 

^|^y^^;^/||ie pump : i»g faction and ferination -of a uniform film in a wide range were 
. . J.iSrtfiSifeS ij §Pfjf; when internal diameter of the nozzle was 60 mm. In other cases, a uniform 

lomenon occurred because the mixed 





!; •'•'i^ ^subsfapaiie bib^-floating type of heater as shown in Fig, 10 with 

in Fig. 1 was used, and a floating 
"ge^bstrafce body and t^mpemture gradation on a surface of the substrate body 
a vacuum pump (not shown) to the air exhaust port 1014, 
r 1003 was b6n|trolted to an appropriately depre&surized' state. 



;;-^^l0t^i^diti 




r idoudiUous wete the>sam4 as those in Embodiment 5. 



■ :1:: /! ^.V'-!V. 



!tv9- a resiU^ofjme|is.imme4t of A minimum gas flow rate required for floating a 
in^du the beatiug chamber is depressurized. All of the gas flow rates 
tj> vaiue&lind^ 1 20'iG and 1 atmospheric pressure. In this case, it was visually 

a height within aboutl mm. Also to stabilise 
a gas e^hanat ra^e from a center of the control unit was 

1* 






tbfi pressure in$ide the apparatus is lowered, a minimum 



i 1 V : * - < i ; ^ substrate body in a depressurized 



ft: ■:■ 1 . !-^|^]fe^..W|u9 the 'ssijike; :** : jBjat uiider the atiaofipheric pressure (as shown in Fig. 11), and it 




! .:*"■■».*..' : : -K^ .!*_:.:. V. 1 : . 



was sufficiently executed even under depressurized conditions. 




aa shown 

jig apparatus as shown in Fig. 1 incorporated therein 
deposit^ film yf as formed on a surface of a substrate, body in a floated and 
a vacuum pump (not shown) was connected to the air exhaust port 
chamber 1203 to an appropriate level. 
Operating wrjfditions we^e the same as those in Embodiment 6. 

a result in a depressurized 
.tmoapheric pressure (as shown in 
^^SB^ '! it - was . ^o^Sincaed tihai - ^bn ; fbrroation could be performed even under 

aboye, !with ^ ih£ pjtesett|> invention, a substrate body -floating apparatus 

rotation axis or 



j.' ^^J^ $ depo^ltjep 

|.! : f Xvj^ ; '$>. ^I;!^^ ^f^^the;saine-a8 those in Em 

irj-:"'.;;^ thisvenGj^Unent (namely 

i -i '^ ; 'd|^ 8ani^.as:'tBat.0bfeiihed underthe atmo 




' 1 i •3fSim^:;!6fie'^<tf " cjftrf-.jbsb " obtained. Also by making use of the substrate body-floating 

J •■^-^'r ^'l:-;*^ to'.tjib pjis^nt ij^veation, it is possible to obtain a substrate body-£loatiiig 



,\ ;■ j-Vu" ; ; " , .••^^<y^^^;-? ,l w *Am-w*w^wv*y****'? ^«*wu ii&n form a film with uniform thickness in a 
^ ^ sur&ce of ja substrate body and with small temperature 

* ;: aiaDsVat^ bbdjjr as well as small density gradation of a raw material 

■ "v ■ ; ; ! i'^Pr^'fi^i^ fdm;on tM stlbstrate body. 

•'• X..^/' V-?-^ • - . - . ■ \ ' 



'. : r.'l:^>:: : j V'-'- ; : l ' "' }■■*'!■.■>?•'..;*.': 
*, '• ^ *C : !« .j'' * f '"■ i* • Vi! .'f'' 5 ' ! f * ' 
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